Invasive recording of dopamine neurons in the substantia nigra and ventral tegmental area (SN/VTA) of behaving animals suggests a role for these neurons in reward learning and novelty processing. In humans, functional magnetic resonance imaging (fMRI) is currently the only non-invasive event-related method to measure SN/VTA activity, but it is debated to what extent fMRI enables inference about dopaminergic responses within the SN/VTA. We consider the anatomical and functional parcellation of the primate SN/VTA and find that its homogeneity suggests little variation in the regional specificity of fMRI signals for reward-related dopaminergic responses. Hence, these responses seem to be well captured by the compound fMRI signal from the SN/VTA, which seems quantitatively related to dopamine release in positron emission tomography (PET). We outline how systematic investigation of the functional parcellation of the SN/VTA in animals, new developments in fMRI analysis and combined PET-fMRI studies can narrow the gap between fMRI and dopaminergic neurotransmission. [8]. Dopamine is also implicated in the pathophysiology of neurological and neuropsychiatric disorders and in age-related cognitive decline [9][10][11][12][13][14][15]. The study of dopaminergic neurotransmission is, therefore, of key importance to a large and multidisciplinary scientific community including clinicians, cognitive neuroscientists, neuroeconomists and animal physiologists.
Invasive recording of dopamine neurons in the substantia nigra and ventral tegmental area (SN/VTA) of behaving animals suggests a role for these neurons in reward learning and novelty processing. In humans, functional magnetic resonance imaging (fMRI) is currently the only non-invasive event-related method to measure SN/VTA activity, but it is debated to what extent fMRI enables inference about dopaminergic responses within the SN/VTA. We consider the anatomical and functional parcellation of the primate SN/VTA and find that its homogeneity suggests little variation in the regional specificity of fMRI signals for reward-related dopaminergic responses. Hence, these responses seem to be well captured by the compound fMRI signal from the SN/VTA, which seems quantitatively related to dopamine release in positron emission tomography (PET). We outline how systematic investigation of the functional parcellation of the SN/VTA in animals, new developments in fMRI analysis and combined PET-fMRI studies can narrow the gap between fMRI and dopaminergic neurotransmission. [8] . Dopamine is also implicated in the pathophysiology of neurological and neuropsychiatric disorders and in age-related cognitive decline [9] [10] [11] [12] [13] [14] [15] . The study of dopaminergic neurotransmission is, therefore, of key importance to a large and multidisciplinary scientific community including clinicians, cognitive neuroscientists, neuroeconomists and animal physiologists.
Our knowledge of the functional properties of dopamine neurons comes primarily from extracellular recordings of single dopamine neurons in non-human primates. Such studies suggest that 70% of neurons respond with a phasic burst (latency and duration 100 ms) to unpredicted liquid or food reward, to stimuli predicting such rewards and to novel and salient stimuli [1] . Neurons show substantial responses to both unpredicted liquid and food rewards but only limited responses to aversive stimuli such as air puffs and hypertonic saline. Activation by unpredicted but not by predicted rewards, together with depression by omitted but predicted rewards, suggests that phasic dopamine activity codes an error in the prediction of reward (difference between predicted and actual rewards) [1] . Reward prediction errors capture the need for learning and are important in theories of learning [16] . Thus, burst firing of dopamine neurons seems to contribute to reward processing and more specifically to reward learning, but it remains an open question whether dopamine neurons fulfil a similar role in humans.
In humans, a major challenge in studying dopamine neurotransmission and release is the experimental limitation and health risk of human single-cell recording and of molecular imaging methods such as positron emission tomography (PET). As a non-invasive, repeatable and event-related functional technique, functional magnetic resonance imaging (fMRI) has, therefore, attracted widespread attention. Indeed, it might be possible that fMRI can indirectly inform us about dopaminergic neurotransmission [17] [18] [19] [20] [21] [22] . Central to this approach is that most dopaminergic projection neurons colocalize in the substantia nigra and ventral tegmental area (SN/VTA) of the midbrain and the assumption that, therefore, fMRI responses from the SN/VTA should be related to dopamine neurotransmission observed in animals and ultimately to dopamine release.
A primary source of uncertainty with fMRI of the SN/ VTA is that the link between hemodynamic SN/VTA responses and dopamine firing or release is inferential and remains necessarily indirect. Our goal here is to highlight to the fMRI community which anatomical and physiological factors conceptually determine the gap between fMRI and dopaminergic neurotransmission (Box 1) and to highlight to rodent and non-human primate physiologists which anatomical and physiological answers would help to narrow that gap. First, we focus on the functional-anatomical parcellation of the SN/VTA and the species differences of this parcellation. Second, we address the 
